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Abstract

BACKGROUND

Acute-on-chronic liver failure (ACLF) patients have a high short-term mortality
rate, and the severity evaluation of ACLF is necessary for prognostication.
Therefore, it was meaningful to evaluate the association between type 2 diabetic
mellitus (DM) and ACLF and further explore the feasibility of using DM as a
prognostic indicator in ACLF patients. The association between type 2 DM and
the prognosis of patients with severe liver disease remains unclear.

AIM
To examine the effect of type 2 DM on the prognosis of patients with ACLF.

METHODS

Clinical data from 222 ACLF patients were collected and analyzed. The patients
were categorized into two groups depending on whether they had DM or not, and
the clinical data of ACLF patients were measured within 48 h after admission.
Complications of ACLF were documented during treatment, such as hepatic
encephalopathy, hepatorenal syndrome, acute upper gastrointestinal hemorrhage,
and spontaneous peritonitis (SBP). Values of laboratory parameters, complication
rates, and hospital mortality rates were compared between two groups.

RESULTS
Among 222 ACLF patients, 38 cases were categorized into DM groups, the mean
age was 56.32 years and 73.68% were male. The prognosis of ACLF patients was
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significantly correlated with DM in univariate [hazard ratio (HR) = 2.4, 95%
confidence interval (CI) =1.5-3.7, P < 0.001] and multivariable analysis (HR = 3.17,
95%CI =1.82-5.523, P < 0.001). The incident of SBP (34.21% vs 13.59%, P = 0.038)
and other infections like lung, urinary, blood, and cholecyst (44.74% vs 28.26%, P
= 0.046) were higher in DM patients than non-DM counterparts. In addition, the
ACLF patients with DM tended to have a high mortality rate (P < 0.001).
Cumulative survival time was also significantly shorter in the ACLF patients with
DM than non-DM.

CONCLUSION

A significant association between DM and the prognosis of ACLF patients was
found in China. The ACLF patients with DM had higher incidence of hospital
mortality and infection than those without DM.

Key Words: Acute-on-chronic liver failure; Diabetic mellitus; Prognosis; Infection; Type 2
diabetic mellitus

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study evaluated the association between type 2 diabetic mellitus (DM)
and the prognosis of acute-on-chronic liver failure (ACLF) patients. The 222 ACLF
patients were categorized into two groups depending on whether they had DM or not.
Values of laboratory parameters, complication rates, and hospital mortality rates were
compared between two groups. We observed a significant association between DM and
the prognosis of ACLF patients in the study. The ACLF patients with DM had higher
incidence of hospital mortality and infection than those without DM.

Citation: Lai RM, Chen TB, Hu YH, Wu G, Zheng Q. Effect of type 2 diabetic mellitus in the
prognosis of acute-on-chronic liver failure patients in China. World J Gastroenterol 2021,
27(23): 3372-3385

URL: https://www.wjgnet.com/1007-9327/full/v27/i23/3372.htm

DOI: https://dx.doi.org/10.3748/wjg.v27.i23.3372

INTRODUCTION

Liver failure is usually manifested as coagulation dysfunction, jaundice, ascites, and
hepatic encephalopathy (HE). Acute-on-chronic liver failure (ACLF) is a clinical type
of liver failure, and the term was firstly raised in order to describe a condition with
two insults operating on the liver simultaneously[1]. ACLF has been featured as a
clinical syndrome in which an acute injury factor in a patient with chronic liver disease
caused rapid deterioration of liver function, resulting in one or more organ failure.
Causes of ACLF could be attributed to hepatitis B virus (HBV), autoimmune hepatitis,
severe nonalcoholic fatty liver disease (NAFLD), and other sources. According to
Asian Pacific Association for the Study of the Liver (APASL) ACLF Research
Consortium consensus, which was published in 2014 and subsequently updated in
2019, ACLF was defined as acute hepatic insult manifested as jaundice and
coagulopathy, complicated within 4 wk by ascites and/or encephalopathy in a patient
with previously diagnosed or undiagnosed chronic liver disease/cirrhosis, and
associated with a high 28-d mortality[1,2]. ACLF diagnostic criteria is uniform in the
world, and the Asia-Pacific consensus emphasizes the emergence of liver failure based
on chronic liver disease, mainly focusing on the performance of liver failure in order to
get early diagnosis and intervention of disease[3]. It was found that ACLF patients had
a high short-term mortality rate (> 15% at 28 d)[4] and the severity evaluation of ACLF
was necessary for prognostication. Hence well-established prognostic indicators are
extremely important, which are helpful for early intervention and reversibility of
ACLF as well as improving survival rate[5,6].

Diabetic mellitus (DM) is one of the leading causes of morbidity and mortality
across the globe[7]. Previous studies showed that DM was associated with higher
incidence of encephalopathy, spontaneous bacterial peritonitis, and hepatocellular
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carcinoma in chronic liver disease[8-10]. With the improvement of people's living
standards, the prevalence of fatty liver disease and DM has increased significantly in
China. NAFLD is the most common chronic liver disease, and the risk of progressed
liver fibrosis in NAFLD patients is significantly associated with DM[11,12]. The
prevalence of DM has increased significantly in recent decades, results in the
coexistence of DM and chronic liver disease being common[13]. DM, NAFLD, and
obesity are manifestations of symptoms known as metabolic syndrome, and these
symptoms are all related to each other. A recent study showed that morbid obesity is
an important risk factor for the development of ACLF in liver cirrhosis patients[14].
However, there are very few studies that have evaluated the association between DM
and ACLF. Therefore, it may be meaningful to investigate the association between DM
and ACLF and further explore the feasibility of using DM as a prognostic indicator in
ACLF patients.

MATERIALS AND METHODS

Research population

In this retrospective single-center study, all patients diagnosed with liver failure who
were hospitalized at the Department of Hepatology Research Institute of the First
Affiliated Hospital, Fujian Medical University, China from July 2013 to July 2020 were
recruited in this study. ACLF was defined by APASL definition in 2019, an acute
hepatic insult manifesting as jaundice [serum bilirubin > 5 mg/dL (85 mmol/L) and
coagulopathy (international normalized ratio (INR) = 1.5 or prothrombin activity <
40%)] complicated within 4 wk by clinical ascites and/or encephalopathy in a patient
with previously diagnosed or undiagnosed chronic liver disease/cirrhosis and was
associated with a high 28-d mortality[1]. The diagnosed complications of ACLF
patients also were in accord with this definition. Type 2 DM was defined using any of
the following criteria: (1) The World Health Organization 2013 criteria; and (2)
documented history of diabetes. All ACLF patients were included as follow criteria: (1)
patients aged 18 years and 85 years; (2) ACLF diagnostic criteria accord with APASL
definition in 2019; and (3) sufficient data for the study. Patients were excluded if they
had the following conditions: (1) de novo tumors; (2) liver transplantation or liver
operation; (3) current use of hormone medication; and (4) other fatal disease, or
gestation. After exclusion, a total of 222 patients with basis for chronic liver disease
were recruited, including 190 HBV infection patients, 17 alcoholic liver disease
patients, 15 other disease patients, among which 94 deaths were observed. This
prospective study was approved by the ethics committee at the First Affiliated
Hospital of Fujian Medical University, China.

Clinical and laboratory parameters

All parameters were collected from the electronic medical record system. The
demographic parameters included age, gender, and body mass index (BMI). The
clinical laboratory parameters collected within 48 h after admission, included
prothrombin time (PT), INR, total bilirubin, aspartate aminotransferase, alanine
aminotransferase, gamma-glutamyl transpeptidase, blood urea nitrogen (BUN), serum
creatinine, albumin (ALB), fasting blood-glucose (FBG), total cholesterol (TCHO),
triglyceride, K*, Na*, leukocyte count (white blood cell), erythrocyte count [red blood
cell (RBC)], hemoglobin, platelet count (PLT), alpha fetoprotein, and ammonia. The
BMI was calculated as weight (kg)/height?*(m?). This study used the West Haven
criteria for grading HE. This grading system differentiated four grades of clinically
manifest HE[15]. Ascites can be divided into 3 grades based on the volume of fluid by
ultrasound examination[16]. The Child-Turcotte-Pugh (CTP) score, Model for End-
Stage Liver Disease (MELD) score, and MELD with serum sodium (MELD-Na) score
were calculated using the latest published criteria[5,17,18]. All prognostic scores were
calculated according to all parameters at 48 h of admission.

Statistical analysis

Statistical analyses were performed using SPSS 24.0 (Armonk, NY, United States). The
normally distributed continuous variables are presented as mean + SD, which were
further evaluated by Student’s t-test between those with and without DM, whereas
variables showing skewed distributions were evaluated by the Mann-Whitney U test,
which are presented as median (interquartile range). Categorical variables were
described using frequencies and proportions, and Pearson’s chi-squared test was used
to compare categorical variables.
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The Cox proportional hazard regression analysis was used to estimate the hazard
ratio (HR) for the association between DM and all-cause mortality. Participants were
followed up from date of hospital admission to date of death or date of discharge.
Proportional hazard assumption was tested using Kaplan-Meier survival curves
method. A multivariable Cox model was chosen by considering all variables with P <
0.1 in univariate analysis, meanwhile DM was considered as the main variable in
statistical analysis model. Further, the nomogram and forest plot were built in terms of
results of Cox regression analyses. A two sided P value less than 0.05 were considered
significant.

RESULTS

Demographic and clinical characteristics

The baseline demographics characteristics and clinical laboratory parameters of the
patients are shown in Table 1, and HBV was the most common etiology of ACLF in
both groups (68.42% and 75.54%, respectively). The study included 38 DM patients,
the mean age was 56.32 years, and 73.68% were male. As expected, BMI and fasting
glucose were higher in DMs than their non-DM counterparts. In contrast, the level of
ALB was higher in non-DM (P = 0.045). The scoring systems included CTP, MELD,
and MELD-Na, and there were no statistically significant differences between the two
groups. The mortality rate in DM patients was significantly higher than non-DM
patients (65.79% vs 37.5%, P = 0.001).

The incidence of complications between DM and non-DM patients with ACLF

The incidence of common complications in ACLF patients with or without DM is
shown in Table 2, and ascites was the most frequent complication in both groups
(89.47% and 75.54%, respectively), most of whom was mild. Compared to non-DM
participants, DMs had a higher incidence of HE complication (P = 0.026). There was no
statistical difference in other clinical complications including ascites, hepatorenal
syndrome (HRS), and acute upper gastrointestinal bleeding (AUGIB) between the two
groups. Spontaneous peritonitis (SBP) was the common infection complication of
ACLF patients, and the incidence of SBP was higher in DMs than their non-DM
counterparts (P = 0.038). Other infections, including lung infections, urinary infections,
blood infections, and cholecyst infections, were statistically different (P = 0.046),
though the total incidence rates were low. Furthermore, lung infections were the main
infection (34.21% and 23.37%, respectively).

Independent risk factor to predict mortality in ACLF patients

As shown in Table 3, univariate and multivariable analysis were used to evaluate the
predictors of prognosis for ACLF patients. Among demographic risk factors, gender
and BMI were associated with the prognosis of ACLF patients in univariate analysis.
With regard to clinical laboratory parameters, PT, INR, Na*, FBG, BUN, PLT, and RBC
were significantly associated with the prognosis of ACLF patients in univariate
analysis, moreover, INR, FBG, and BUN also had significant association in
multivariable analysis. However, TCHO was not significantly associated with the
prognosis of ACLF patients in univariate analysis, while it was significantly in
multivariable analysis. Among scoring systems reflecting severity of liver dysfunction,
CTP, MELD, and MELD-Na were associated with the prognosis of ACLF patients in
univariate analysis, while they had no significant association in multivariable analysis.
All four risk factors identified in the univariate analysis (DM, HRS, AUGIB, and SBP)
remained significant in the multivariable analysis. Further, nomogram and forest plots
that incorporate parameters previously shown to be associated with the prognosis of
ACLF patients in the multivariable analysis, including gender, DM, INR, BUN, TCHO,
HRS, AUGIB, and SBP, were then constructed and are presented in Figures 1 and 2. As
shown by nomogram plot in Figure 1, the total points accumulated by the various
variables correspond to the predicted probability of survival for individual patient,
and the predicted probability of 1- or 2-mo survival ranged from 0.1 to 0.9. The forest
plot in Figure 2 illustrated the intuitive correlation between each risk variable, and the
prognosis of ACLF and DM was the most important risk factor (HR = 3.257)
influencing the prognosis of ACLF patients.

DM was independent risk factor to predict mortality in ACLF patients
Survival curves were used to describe the survival status of DM and non-DM patients
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Table 1 Demographic characteristics and clinical features of the patients between diabetic mellitus and non-diabetic mellitus

DM (yes) (n = 38) DM (no) (n = 184) Pvalue
Age (yr) 56.32 +14.23 4916 +12.84 0.002
Gender, 1 (%) 0.309
Male 28 (73.68) 149 (80.98)
Female 10 (26.32) 35 (19.02)
Cause of disease, 11 (%) 0.201
Hepatitis B virus 26 (68.42) 139 (75.54)
Hepatitis B virus + other 5 (13.16) 20 (10.87)
Alcohol 2 (5.26) 15 (8.15)
Others 5 (13.16) 10 (5.44)
WBC (10°/1) 6.17 £4.03 7.35 +3.58 0.07
RBC (10'%/1) 3.68 +0.87 3.94 +0.84 0.084
Hb (g/L) 117.21 £24.71 121.95 +£23.13 0.257
PLT (10°/L) 100.34 + 42.20 118.79 £59.09 0.069
PT (s) 23.01 +5.38 24.45 +6.95 0.229
INR 1.97 £ 045 2.10+0.59 0.229
ALT (U/L) 396.08 + 448.56 560.36 + 693.06 0.163
AST (U/L) 365.95 +391.18 419.99 + 513.42 0.541
y-GGT (U/L) 174.16 + 305.61 137.57 +127.33 0.231
TBIL (pmol/L) 320.71 +£141.31 309.56 + 134.00 0.644
ALB (g/L) 29.25 +4.51 30.73 +4.03 0.045
Scr (pmol/L) 56.37 +22.00 63.45 +27.28 0.134
BUN (mmol/L) 3.94 £2.65 4.25+298 0.56
TCHO (mmol/L) 2.67 +£0.81 2.65+1.05 0.919
TG (mmol/L) 1.45+0.67 1.26 £0.70 0.124
Na* (mmol/L) 136.98 +£3.97 136.86 + 4.43 0.878
K* (mmol/L) 3.90 £ 0.46 4.08 £0.58 0.072
AMON (pmol/L) 64.40 +40.39 71.60 + 41.85 0.332
AFP (ng/mL) 118.63 + 202.80 128.19 +192.02 0.784
BMI (kg/m? 24.99 +3.32 22.78 +3.03 <0.001
FBG (mmol/L) 5.34 +1.87 3.83+1.07 <0.001
Scoring systems
CTP 10.79 +1.49 10.40 +1.35 0.115
MELD 19.38 +4.52 20.74 +5.06 0.128
MELD-Na 20.89 +5.00 2227 +6.84 0.239
Death, 1 (%) 25 (65.79) 69 (37.5) 0.001

y-GGT: Gamma-glutamyl transpeptidase; AFP: Alpha fetal protein; ALB: Albumin; ALT: Alanine aminotransferase; AMMON: Ammonia; AST: Aspartate
aminotransferase; BMI: Body mass index; BUN: Blood urea nitrogen; CTP: Child-Turcotte-Pugh; DM: Diabetic mellitus; FBG: Fasting blood-glucose; HB:
Hemoglobin; INR: International normalized ratio; K*: Kalium; MELD: Model for End-Stage Liver Disease; MELD-Na: Model for End-Stage Liver Disease
with serum sodium; Na*: Natriumion; PLT: Platelet count; PT: Prothrombin time; Scr: Serum creatinine; TBIL: Total bilirubin; TCHO: Total cholesterol; TG:
Triglyceride; RBC: Red blood cell; WBC: White blood cell.

with ACLF. Figure 3 showed that the cumulative survival rate of ACLF patients was
significantly distinguished between DM and non-DM (P = 0.00019). The survival time

Griewidege WIG | https://www.wignet.com 3376 June 21,2021 | Volume27 | Issue23 |



Lai RM et al. DM affected the prognosis of ACLF

Table 2 The incidence of complications between diabetic mellitus and non-diabetic mellitus patients with acute-on-chronic liver failure

DM (yes) (n = 38) DM (no) (n = 184) P value

Ascites, 11 (%) 34 (89.47) 139 (75.54) 0.271
Mild 21 (55.26) 80 (43.48)

Moderate 5 (13.16) 26 (14.13)

Severe 8 (21.05) 33 (17.93)

HE, n (%) 4(10.53) 5 (2.72) 0.026
Grade (1-2) 4(10.53) 3 (1.63)

Grade (3-4) 0 (0) 2 (1.09)

HRS, 1 (%) 4(10.53) 12 (6.52) 0.385
AUGIB, 1 (%) 3 (7.89) 4(217) 0.066
SBP, 1 (%) 13 (34.21) 25 (13.59) 0.038
Other infections, 11 (%) 17 (44.74) 52 (28.26) 0.046
Lung 13 (34.21) 43 (23.37)

Urinary 1(2.63) 5 (2.72)

Blood 2 (5.26) 2 (1.09)

Cholecyst 1(2.63) 2 (1.09)

Ascites mild: The depth of abdomen was < 3 cm; Ascites moderate: The depth of the middle of the abdomen was 3-10 cm; Ascites severe: The depth of the
middle of the abdomen was > 10 cm; HE: Hepatic encephalopathy; HE grade 1: Patients showed a lack of attention and some subtle personality changes;
HE grade 2: The most intriguing finding was disorientation for time combined; HE grade 3: Patients were stuporous but responded to stimuli; HE grade 4:
Patients were in coma. AUGIB: Acute upper gastrointestinal bleeding; AUGIH: Acute upper gastrointestinal hemorrhage; HRS: Hepatorenal syndrome;
SBP: Spontaneous peritonitis.

of ACLF patients with non-DM was longer than that in the patients with DM. With the
follow-up time increased, the survival time of patients with DM decreased
significantly. Therefore, DM was associated with a higher death risk in ACLF patients.

DISCUSSION

ACLF was characterized by acute decompensation of chronic liver disease, and the
course of ACLF was complex and associated with high short-term mortality,
complicated with multiple organ failure[19]. The effective prognostic predictors of
ACLF would help in identifying assessment of patients at specific time points either
requiring early organ support treatment or urgent liver transplantation for ACLF
patients, thereafter, doctors may provide a rational therapy for the patients in time[20,
21]. Previous study demonstrated that patients who survived for the first 3 mo usually
had a good prognosis[22]. Therefore, the exploration of ACLF related prognostic
indicators was helpful to reduce the mortality by predicting the outcome of patients
and providing early clinical intervention.

It has been reported that there is a strong association between DM and liver disease.
During a 12-year follow-up cohort study, compared to non-DM patients with chronic
hepatitis B (CHB), DM patients with CHB developed more frequently to cirrhosis and
cirrhosis decompensation[23]. Similarity, it has been shown that the presence of DM
was an independent predictor of mortality in CHB patients[24]. Therefore, it is
necessary to pay attention to the impact of DM on the clinical outcomes with ACLF. In
this study, it was found that DM was as an independent prognostic factor for ACLF
patients, and the incidence of infection and mortality were higher in DMs than that in
non-DM patients. In addition to DM, gender, INR, BUN, TCHO, HRS, AUGIB, SBP,
and FBG were independent risk factors for the prognosis of ACLF patients in the
multivariate analysis.

Previous studies had shown that nomogram enabled more-accurate individualized
prediction of survival than MELD, MELD-Na, CTP, sequential organ failure
assessment, or CLIF-C scores for HBV patients and demonstrated superior net benefits
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Table 3 Factors associated with the survival time of acute-on-chronic liver failure patients based on Cox proportional hazards

regression

Univariate Multivariate

HR (95%Cl) Pvalue HR (95%Cl) Pvalue
Gender 0.58 (0.37-0.91) 0.019 0.535 (0.332-0.861) 0.01
Age (yr) 1(0.99-1) 0.23
WBC (10°/L) 1(0.99-1.1) 0.12
RBC (10*2/L) 0.73 (0.57-0.92) 0.009
Hb (g/L) 0.99 (0.98-1) 0.01
PLT (10°/L) 0.99 (0.99-1) 0.021
PT (s) 1.1 (1-1.1) <0.001
INR 1.9 (1.4-2.5) <0.001 2.725 (1.949-3.811) <0.001
ALT (U/L) 1 (1-1) 0.53
AST (U/L) 1(1-1) 0.8
y-GGT (U/L) 1(1-1) 0.93
TBIL (umol/L) 1(1-1) 0.77
ALB (g/L) 0.95 (0.9-1) 0.079
Scr (pmol/L) 1(1-1) 0.15
BUN (mmol/L) 1.1 (1-1.2) 0.021 1.095 (1.025-1.170) 0.0069
TCHO (mmol/L) 1(0.85-1.3) 0.76 1.220 (1.006-1.170) 0.0436
TG (mmol/L) 0.78 (0.55-1.1) 0.18
Na"* (mmol/L) 0.94 (0.9-0.98) 0.005
K* (mmol/L) 0.83 (0.58-1.2) 0.34
AMON (umol/L) 1(0.99-1) 0.64
AFP (ng/ml) 1(1-1) 0.075
BMI (kg/m? 0.99 (0.93-1.1) 0.7
FBG (mmol/L) 0.58 (0.39-0.87) 0.009 0.842 (0.719-0.986) 0.0325
CTP 1.7 (1-2.9) 0.042
MELD 1.1 (1-1.1) 0.02
MELD-Na 1(1-1.1) 0.002
DM 2.4 (15-3.7) <0.001 3.17 (1.82-5.523) <0.001
Ascites 1.2 (1-1.5) 0.036
HE 1.3 (0.65-2.5) 0.48
HRS 3.3 (1.9-5.8) <0.001 2.71 (1.513-4.857) 0.001
AUGIB 2.6 (1.1-5.9) 0.027 2.444 (1.037-5.76) 0.041
SBP 2.5 (1.6-3.9) <0.001 2.262 (1.438-3.558) <0.001
Other infections 1.2 (0.82-1.9) 0.32

y-GGT: Gamma-glutamyl transpeptidase; AFP: Alpha fetal protein; ALB: Albumin; ALT: Alanine aminotransferase; AMMON: Ammonia; AST: Aspartate
aminotransferase; AUGIB: Acute upper gastrointestinal bleeding; AUGIH: Acute upper gastrointestinal hemorrhage; BMI: Body mass index; BUN: Blood
urea nitrogen; CI: Confidence interval; CTP: Child-Turcotte-Pugh; DM: Diabetic mellitus; FBG: Fasting blood glucose; HB: Hemoglobin; HE: Hepatic
encephalopathy; HR: Hazard ratio; HRS: Hepatorenal syndrome; INR: International normalized ratio; Na*: Natriumion; K*: Kalium; MELD: Model for
End-Stage Liver Disease; MELD-Na: Model for End-Stage Liver Disease with serum sodium; PLT: Platelet count; PT: Prothrombin time; RBC: Red blood
cell; SBP: Spontaneous peritonitis; Scr: Serum creatinine; TBIL: Total bilirubin; TCHO: Total cholesterol; TG: Triglyceride; WBC: White blood cell.
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Figure 1 Acute-on-chronic liver failure patients’ survival nomogram predicted the probability of 1- and 2-mo survival. AUGIH: Acute upper
gastrointestinal hemorrhage; BUN: Blood urea nitrogen; FBG: Fasting blood-glucose; HRS: Hepatorenal syndrome; INR: International normalized ratio; SBP:
Spontaneous peritonitis; TCHO: Total cholesterol.
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over other score models[25,26]. Therefore, an effective prognostic nomogram for ACLF
patients was established, as shown in Figure 1; the nomogram of our study could
accurately predict 1- and 2-mo survival in patients with ACLF.

Liver plays an important role in glucose homeostasis, and it is the major storage site
of glycogen. Massive damage and necrosis of liver cells can cause serious deficiency of
liver glycogen synthesis and storage, which are the main features of ACLF disease.
Meanwhile, gastrointestinal dysfunction and gastrointestinal mucous edema could
lead to impaired nutrient absorption in ACLF patients. Therefore, the mechanism of
blood glucose regulation may be abnormal when liver function was severely damaged
due to ACLF. In addition, the influence of DM on chronic liver related clinical
outcomes had become a focus of research in recent years. It was proved that DM
emerged as a risk factor of experiencing liver related death in the chronic liver patients
[27]. Furthermore, a meta-analysis showed that DM was independently associated
with poor survival in hepatocellular carcinoma patients[28]. Thus, the presence of DM
looked as an “at risk” sub-population of liver-related patients. In a conclusion, DM
had a tremendous impact on liver disease, which should be fully considered by
clinicians. Our study was consistent with previous studies, as shown in Figures 2 and
3, which implied that the level of fast blood glucose and DM were important
prognostic indicators for ACLF patients. The cumulative survival time of ACLF
patients with non-DM was significantly longer than the patients with DM (P =
0.00019). DM was identified as a risk factor in the univariate analysis (P = 0.009) and
remained significant in the multivariable analysis (P = 0.038) in ACLF patients.

DM is a disorder of glucose metabolism; in order to maintain body composition and
nitrogen balance, metabolic control and sufficient protein and energy intake are
required[29]. ACLF is in a hyper-metabolism state, and upregulated inflammatory
response may lead to accelerated proteolysis and increased body energy expenditure,
which contributes to negative nitrogen balance[30]. Our study showed that increased
level of BUN, which may due to negative nitrogen balance, was associated with the
prognosis of ACLF patients in Cox regression analysis. In ACLF patients, the function
of protein synthesis was significantly reduced, and ALB had become an effective
indicator for ACLF nutritional surveillance[31,32]. A retrospective study had shown
that ALB was associated with prognosis in ACLF patients; the patients with hypopro-
teinemia tended to have a higher mortality rate[33]. However, in this study, ALB was
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Figure 2 Forest plot of prognostic factors for acute-on-chronic liver failure patients based on multivariate Cox regression analysis.
AUGIH: Acute upper gastrointestinal hemorrhage; BUN: Blood urea nitrogen; FBG: Fasting blood-glucose; HRS: Hepatorenal syndrome; INR: International

normalized ratio; SBP: Spontaneous peritonitis; TCHO: Total cholesterol.
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Figure 3 Cumulative survival time in acute-on-chronic liver failure patients with diabetic mellitus and non-diabetic mellitus.

not associated with the prognosis of liver failure, the result may be interfered by
exogenous ALB infusion during treatment. Therefore, ACLF patients with DM should
be paid more attention to ensure sufficient protein and energy intake.

Malnutrition, protein consumption, and chronic inflammation could lead to
sarcopenia in chronic liver disease, which is related with adverse clinical outcomes
and the increased risk of mortality[34,35]. Further research found that sarcopenia was
strongly associated with ACLF development and impacted the poor prognosis of
ACLF[36]. Previous study revealed that DM was significantly associated with
sarcopenia[37]. DM increased the risk of sarcopenia, which may be a risk factor to
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induce the poor prognosis in ACLF patients. Therefore, it was important to give
adequate nutritional support for the patients with liver failure in order to reduce the
incidence of sarcopenia.

DM, BMI, and NALFD as metabolic risk factors were strongly related with the
pathogenesis of metabolic syndrome. This research showed that BMI in DM patients
were higher than that in non-DM counterparts. Our previous study showed BMI was
associated with hospital mortality in ACLF patients[33], however, this study showed
that BMI was not related with ACLF, which may do with the lack of subgroup analysis
of BMI. At the same time, our study found that ACLF patients with DM had a higher
BMI than the patients with non-DM, which may be a risk factor for the high mortality
in ACLF patients with DM.

DM was a significant risk factor for progression of the chronic liver disease[38]. In
fact, several previous surveys indicated that survival was significantly lower in DM
than in non-DM cirrhotic[10,39]. DM patients were accompanied by high occurrence of
NAFLD, and the prevalence of NAFLD in DM varied from 40% to 70%[40,41]. A recent
study implied that NAFLD emerged as the rapidly growing etiology of chronic liver
disease associated with ACLF[42]. DM was a significant risk factor for progression of
the chronic liver disease. In fact, several previous surveys indicated that survival was
significantly lower in DM than in non-DM cirrhotic. Our research further confirmed
this finding that DM could increase mortality rate in ACLF patients. DM is an
important metabolic risk factor that leads to increased mortality in ACLF patients (HR
= 3.257, P = 0.001). For all of the above reasons, DM may increase the incidence of
NAFLD and affect the prognosis of ACLF patients.

Presence of DM was also shown to be related with the high incidence of HE in
patients with liver cirrhosis[43,44]. DM increased the risk of HE in cirrhosis patients,
the previous studies showed that insulin resistance, muscle breakdown, and
glutaminase activity may be mechanistic[44,45]. In terms of complications of liver
failure, DM patients had a higher incidence of HE complication than non-DM
participants (P = 0.026); our study produced exactly the same result as above studies.
Compared with the patients without DM, it was known that the patients with DM had
higher rates for all infections[46]. Previous studies had shown that DM was associated
with high incidence of infection in cirrhotic individuals[10]. Our study showed the
incidence of infection was higher in ACLF patients with DM than in counterparts
without DM (P = 0.038). SBP and pneumonia were common infectious complication of
ACLF patients; especially SBP was significantly related with the prognosis of ACLF
patients in Cox regression analysis. Therefore, it was extremely important to prevent
and control infection in patients with ACLF, especially in the patients with concurrent
DM. Among all possible infections, SBP and pulmonary infection should be
considered in priority.

Limits of the study

There are several limitations in our research. Firstly, this was not a multicenter study
and the number of DM patients with ACLF was relatively small. Therefore, the
magnitude of association between DM and the prognosis of ACLF could have been
less precise. Secondly, because of the retrospective design of the study, not all relevant
variables were obtained continuously; glycosylated hemoglobin (HBA1lc) parameter
and blood sugar control level were available sporadically in ACLF patients with DM.
Therefore, these variables were not taken into account in the statistical analysis.
Finally, Because of the drawback of this retrospective research, to assess further the
impact of DM on the prognosis in ACLF patients, a larger cohort study should be
conducted.

CONCLUSION

DM and chronic liver disease in terms of prevalence and mortality are on the rise
worldwide. Because of the liver's important role in glucose metabolism, the correlation
between liver disease and DM was close. Through this study, we found that DM could
predict the prognosis of ACLF patients, and the ACLF patients with DM had higher
incidence of mortality and infection, especially in abdominal and pulmonary
infections. Consequently, the clinician should pay attention to the result that DM was a
major predictor of short-term mortality in ACLF.
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Research background

The acute-on-chronic liver failure (ACLF) patients have a high short-term mortality
rate, and the severity evaluation of ACLF is necessary for prognostication. The
prevalence of diabetic mellitus (DM) has increased significantly in recent decades,
resulting in coexistence of DM and chronic liver disease be common. There were very
few studies that have evaluated the association between DM and ACLF. Therefore, the
association between type 2 DM and the prognosis of patients with ACLF remained
unclear.

Research motivation

Previous studies suggested that DM increased higher incidences of complications in
chronic liver disease, included encephalopathy, spontaneous bacterial peritonitis, and
hepatocellular carcinoma, but it was not clear whether DM would similarly affect
ACLF patients. We needed further to evaluate the association between DM and the
prognosis of ACLF patients in order to explore the feasibility of using DM as a
prognostic indicator in ACLF patients.

Research objectives

We aimed to examine the effect of DM on the prognosis of patients with ACLF and
established a predictive model to predict the risk of mortality for ACLF patients. A
well-established prognostic predictive model was extremely important, which was
helpful for early intervention of ACLF patients as well as improved survival rate.

Research methods

Clinical data from 222 ACLF patients were retrospectively collected and analyzed
between July 2013 and July 2020 from the Department of Hepatology Research
Institute of the First Affiliated Hospital, Fujian Medical University. The patients were
categorized into two groups depending on whether they had DM or not, and complic-
ations of ACLF were documented during treatment. Values of laboratory parameters,
complication rates, and hospital mortality rates were compared between two groups.
The Cox proportional hazard regression analysis was used to estimate hazard ratio
(HR) for the association between DM and all-cause mortality. DM was independent
risk factor to predict mortality in ACLF patients. Further, the nomogram and forest
plot were built in terms of results of Cox regression analyses. A survival nomogram
model was constructed to predict the probability of 1- and 2-mo survival for ACLF
patients.

Research results

The prognosis of ACLF patients was significantly correlated with DM in univariate
(HR = 2.4, P < 0.001) and multivariable analysis (HR = 3.17, P < 0.001). The ACLF
patients with DM tended to have a high mortality rate (P < 0.001). Survival curves
showed that the cumulative survival rate of ACLF patients was significantly distin-
guished between DM and non-DM (P = 0.00019). The survival time of ACLF patients
with non-DM was longer than the patients with DM. As a good prognostic indicator,
DM was helpful to predict the outcome of ACLF patients. The incidence of infection
was higher in DM patients than non-DM counterparts (P = 0.038). Among all possible
infections, spontaneous peritonitis and pulmonary infection should be considered a
priority for ACLF patients. ACLF patients” survival nomogram could predict the
probability of 1- and 2-mo survival, which would be helpful to provide early clinical
intervention. Because of the retrospective design of the study, we needed to assess
further the impact of DM on the prognosis in ACLF patients by a prospective cohort
study.

Research conclusions

Our study found a significant association between DM and the prognosis of ACLF
patients in China. The survival time of ACLF patients with non-DM was longer than
that of patients with DM. The ACLF patients with DM had higher incidence of
hospital mortality and infection than those without DM. DM was an independent risk
factor affecting the prognosis of ACLF patients.

Research perspectives
This was not a multicenter study and the number of DM patients with ACLF was
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relatively small. Therefore, a multi-center prospective cohort study would evaluate
further the impact of DM on the prognosis in ACLF patients. Meanwhile, a
noninvasive model should be established based on an extensive clinical database to
predict effectively the survival time of ACLF patients.
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